Introduction
============

Men with 47,XXY Klinefelter syndrome (KS) commonly present hypergonadotropic hypogonadism and are commonly treated with testosterone supplementation therapy ([@bib1]). However, this treatment is almost entirely based on our knowledge about normal physiology, and very little research has investigated the key aspects of testosterone supplementation therapy in KS ([@bib1]), including whether the treatment could have unwarranted effects. The practice of evidence-based medicine is the foundation for proficient care of any condition. For rare conditions, obtaining clear empirical evidence can be challenging especially due to difficulties in the recruitment of a high enough number of patients and less interest from funding sources for supporting the research. Both male hypogonadism and testosterone treatment in men have been associated with an increased risk of thrombotic events ([@bib2], [@bib3], [@bib4], [@bib5], [@bib6], [@bib7]), and men with KS exhibit an up to six-fold increased risk of venous thromboembolisms (VTE) ([@bib8], [@bib9]), increased risk of arterial thrombosis (ATE) ([@bib8]), and a more than two-fold increased rate of mortality related to thrombotic events ([@bib10], [@bib11], [@bib12]). Thrombotic risk in men with KS could be affected directly by the presence of an extra X chromosome, subsequent hypogonadism, and the induction of a vicious cycle of truncal obesity and insulin insensitivity ([@bib1], [@bib13]). This unfavourable metabolism then leads to increased risk of disease entities associated with cardiovascular risk and furthermore skewing of the haemostatic balance ([@bib14]) and increased platelet aggregation ([@bib15]). Testosterone treatment could reduce thrombotic risk by counteracting the vicious metabolic cycle present in KS ([@bib16]). Contrary, it could also be speculated that testosterone treatment would increase thrombotic risk by, for instance, inducing erythrocytosis ([@bib17], [@bib18]).

We performed a nationwide cohort study using men in the background population as a comparison cohort and integrating data regarding diagnoses, medication use, and clinical biochemistry from national registries. Our aim was to describe rates of thrombosis and thrombotic risk factors and, for the first time in KS using a national prescription registry, provide an epidemiological assessment of testosterone treatment in KS and specifically the relation between testosterone treatment and thrombotic risk among men with KS.

Materials and methods
=====================

Setting and data sources
------------------------

This was a registry-based national matched cohort study. The Danish health system provides free access to general practice and hospitals as well as partial reimbursement of prescription medicine. All contacts with the healthcare system are registered using the individually assigned Civil Registration Number ([@bib19]), permitting linkage of high-quality data. The study was approved by The Danish Data Protection Agency (record number: 1-16-02-568-15).

Hospital discharge diagnoses were retrieved from The Danish National Patient Registry ([@bib20]) according to the International Classification of Diseases (ICD) eighth or tenth revision. A complete list of ICD codes applied is provided in the Supplementary Table 1 (see section on [supplementary materials](#supp1){ref-type="supplementary-material"} given at the end of this article). Deaths and date of death were retrieved from the Civil Registration System ([@bib19]). Cause of death was retrieved from The Danish Registry of Causes of Death ([@bib21]) according to the ICD-10 classification. Medications were identified according to Anatomical Therapeutic Chemical classification (ATC) codes, and prescription history was obtained from the Danish National Prescription Registry ([@bib22]). A detailed list of all ATC codes applied is provided in the Supplementary Table 2. Results from biochemical analyses were retrieved from central databases containing all biochemical analyses performed at hospital laboratories in each of the five administrative Regions of Denmark. In the Region of Southern Denmark and the North Denmark Region laboratory results are available from 1992, in the Central Denmark Region from 2008, in the Region Zealand from 2011, and in the Capital Region of Denmark from 1988 until now.

Population
----------

KS was defined as any 47,XXY, 47,XXY/46,XY mosaic or other 47,XXY mosaic karyotype, and cases were identified from the Danish Central Cytogenetic Register ([@bib23]). Karyotypes with more than one supernumerary X chromosome were not included, as these are now considered as separate conditions ([@bib1]). Each KS case was matched with up to 100 men in the background population by year and month of birth.

Study period and exposure time
------------------------------

To ensure at least 1 year of prescription data for all participants, the study period chosen was from 1995 through 2016. All participants were considered at risk from birth, since KS is a congenital condition, and entered the study on 1 January 1995 or the date of birth, whichever came last. Censoring was at the time of the death, or emigration, or on 31 December 2016, whichever came first.

Evaluated outcomes
------------------

VTE was defined as the composite outcome of deep venous thrombosis, pulmonary embolism, cerebral vein thrombosis, or portal vein thrombosis. A diagnosis of first time in- or outpatient VTE was considered valid if followed by a redeemed prescription for anticoagulation within 30 days ([@bib24]). The positive predictive value for this algorithm in the identification of VTE has been estimated to be 90% ([@bib24]). To not exclude those dying before redeeming a prescription, any first VTE diagnosis followed by death within 30 days was also considered valid. ATE was defined as the composite of myocardial infarction, stroke, or transient ischemic attack. The positive predictive value of myocardial infarction and stroke diagnoses among men in The Danish National Patient Registry is above 95% and around 60% for transient ischemic attack ([@bib20], [@bib25]). First time ATE events were evaluated in a similar manner as VTE, demanding a redeemed prescription of anti-platelet medication or death within 30 days. Diagnoses of atrial arrhythmia (fibrillation or flutter), angina pectoris, arteriosclerosis, hypertension, diabetes, and hypercholesterolemia, all co-morbidities associated with thrombosis risk ([@bib26], [@bib27]), were also identified in The Danish National Patient Registry going back to 1977 when the registry was created.

Death due to thrombosis was defined as any VTE or ATE diagnosis and registered as either primary or auxiliary cause of death.

For all treatments, the day of first redeemed prescription was considered as the onset of treatment. Use of disease-specific medications were assessed to indirectly evaluate the incidence and timing of comorbidities, for example, insulin or oral antidiabetics as an indicator for diabetes and statins for hypercholesterolemia.

Results from clinical biochemistry were assessed to evaluate the presence of hypogonadism in untreated KS. The data hold no information about the applied assay methodology and therefore testosterone levels below the given reference range or luteinizing hormone levels two-fold above the upper reference limit were considered indicative of hypogonadism.

Blood levels of haemoglobin, haematocrit, and testosterone within ±90 days of the thrombotic events were assessed to evaluate the presence of erythrocytosis in treated KS. Abnormal test results were defined as values outside the given reference range, as the methodology varies between laboratories and over time.

Statistical analysis
--------------------

For all VTE, ATE, and mortality outcomes, we computed hazard ratios (HR) with robust variance estimates using stratified Cox regression. Each stratum comprised one KS case and the matched individuals in the comparison cohort. Only the first diagnosis was considered. Adjustment, using medication as a proxy for co-morbidity, was applied in a separate analysis. For this, use of antidiabetics, antihypertensives, statins, anticoagulation, platelet inhibitors, and anticoagulation were added as time-varying covariates with exposure starting at first redeemed prescription. Similarly, we computed HR's for first prescriptions for selected medications or incidence of co-morbidity diagnoses. To evaluate mortality following VTE or ATE, a separate analysis was carried out including only participants with thrombosis and with follow-up starting at the time of thrombosis. To evaluate effects on various outcomes of testosterone treatment, we conducted a consecutive set of Cox analyses within the KS population, applying testosterone treatment as a time varying covariate and adjusting for year of birth or year of birth and use of medications as described previously. Contingency of categorical variables were evaluated applying Fisher's exact test. Analyses were performed using Stata 15.1 (StataCorp, College Station).

Results
=======

Study population and thrombotic events
--------------------------------------

A total of 1155 men with KS were identified ([Table 1](#tbl1){ref-type="table"}). The comparison cohort comprised 111,765 individuals. The mean age at entry for both groups was just over 25 years, and the majority (78.8%) of participants had data available for the entire study period (22 years, [Table 1](#tbl1){ref-type="table"}).Table 1Participant characteristics, thrombotic events and thrombotic deaths.KSComparison cohortHR (95% CI): KS vs the comparison cohortCharacteristic No. of participants (*n*)1,155111,765-- Person-years22,6162,253,137 Age at entry (years, median (interquartile range))25.8 (12.1--41.5)25.2 (11.9--40.1)-- Observation time per participant (years, median (interquartile range)22.0 (22.0--22.0)22.0 (22.0--22.0)--Venous thromboembolism (VTE) All VTE events (*n* (%))^a^38 (3.3)964 (0.9)-- Events pr. 10,000 person-years (95% CI)17.0 (12.4--23.4)4.3 (4.0--4.6)3.95 (2.83--5.52)3.11 (2.18--4.45)^b^ Age at first VTE (years, median (interquartile range))50.6 (41.1--62.1)57.7 (46.9--67.3)--Arterial thrombosis (ATE) All ATE events (*n* (%))^c^71 (6.1)6,632 (5.9)-- Events pr. 10,000 person-years (95% CI)32.0 (25.4--40.4)30.0 (29.3--30.8)1.05 (0.83--1.33)0.85 (0.68--1.09)^b^ Age at first ATE (years, median (interquartile range))59.3 (51.1--69.4)60.6 (52.3--69.0)--Thrombotic deaths Total thrombotic deaths (*n* (%))28 (2.4)1,455 (1.3)-- Deaths per 10,000 person-years (95% CI)12.4 (8.5--17.9)6.5 (6.1--6.8)1.76 (1.18--2.62) Deaths from VTE (*n* )444-- Deaths per 10,000 person-years (95% CI)1.8 (0.7--4.7)0.2 (0.1--0.3)8.69 (3.09--24.46) Deaths from ATE (*n*)241,411-- Deaths per 10,000 person-years (95% CI)10.6 (7.1--15.8)6.3 (5.9--6.6)1.55 (1.01--2.37) All-cause deaths after VTE (*n*)92670.96 (0.49--1.87) All-cause deaths after ATE (*n*)312,2851.73 (1.22--2.47) Age at death from thrombosis (years, median (interquartile range))64.9 (56.4--74.6)65.9 (55.9--75.4)--[^1][^2]

In the KS cohort, 17.0 (95% CI, 12.4--23.4) VTE events were recorded per 10,000 person-years and in the comparison cohort, 4.3 (4.0--4.6) VTE events were recorded per 10,000 person-years ([Table 1](#tbl1){ref-type="table"}), leading to a four-fold increased VTE incidence among males with KS compared with the comparison cohort ([Fig. 1A](#fig1){ref-type="fig"} and [Table 1](#tbl1){ref-type="table"}).Figure 1Thrombotic outcomes among participants. Kaplan--Meier plots. Venous thromboembolism (A), arterial thrombosis (B), and thrombotic deaths (C). KS, Klinefelter syndrome.

In the KS cohort, 32.0 (95% CI, 25.4--40.4) ATE events were recorded per 10,000 person-years. In the comparison cohort, 30.0 (29.3--30.8) ATE events were recorded per 10,000 person-years ([Table 1](#tbl1){ref-type="table"}). The incidence of ATE was not different between men with KS and the comparison cohort ([Fig. 1B](#fig1){ref-type="fig"} and [Table 1](#tbl1){ref-type="table"}).

A total of 9 men with KS and 153 men in the comparison cohort suffered both VTE and ATE.

In the KS cohort, 12.4 (95% CI, 8.5--17.9) thrombotic deaths were recorded per 10,000 person-years, and in the comparison cohort 6.5 (6.1--6.8) thrombotic deaths were recorded per 10,000 person-years, giving an increased risk of thrombotic deaths among men with KS compared with the comparison cohort ([Fig. 1C](#fig1){ref-type="fig"} and [Table 1](#tbl1){ref-type="table"}). The increased risk of thrombotic death among men with KS was sustained, looking at deaths due to VTE or ATE separately ([Table 1](#tbl1){ref-type="table"}). The most common cause of death was pulmonary embolism and myocardial infarction, respectively. Post-thrombotic survival was not different when comparing men with KS and the comparison cohort regarding VTE, but all-cause mortality following any ATE was increased among men with KS compared with the comparison cohort ([Table 1](#tbl1){ref-type="table"}).

Testosterone treatment in KS and effects on thrombotic outcomes
---------------------------------------------------------------

Only 48.7% of men with KS redeemed prescriptions for testosterone during the study period ([Table 2](#tbl2){ref-type="table"}). Among the treated men with KS, 89 had prescription for transdermal testosterone only, 258 had prescription for injectable testosterone only, 174 had prescription for both transdermal and injectable testosterone, and 42 had prescription for oral testosterone only. Age at diagnosis of KS was not different when comparing those who have never received treatment and those receiving testosterone treatment, but those who have never received treatment were on average born 12 years earlier and diagnosed 15 years earlier ([Fig. 2](#fig2){ref-type="fig"} and [Table 2](#tbl2){ref-type="table"}). Among those men with KS that never received testosterone treatment, biochemical analyses of testosterone and luteinizing hormone levels were available in 92 cases. Of these, 72% (*n* = 66) had biochemistry results indicative of hypogonadism. Of those with no clear biochemical evidence of hypogonadism, 35% (*n* = 9) were less than 18 years and 38% (*n* = 10) had a mosaic karyotype.Figure 2Distribution of birth year in untreated and treated Klinefelter syndrome (KS). In Denmark, testosterone treatment in KS is commonly not started until the time of expected puberty, explaining the apparent rise in numbers of untreated KS among those born after the year 2000. Also, the gradually lowering total number of KS seen after 1990 reflects the diagnostic lag in this condition. Table 2Testosterone treatment and thrombotic outcomes in Klinefelter syndrome (KS).Untreated KSTreated KSHR (95% CI): Treated KS vs untreated KS^a^Ever testosterone treatment (*n* (%))592 (51.3)563 (48.7)--Person-years16,2216,395--Age at diagnosis (years, median (interquartile range))27.6 (18.2--34.1)25.5 (15.3--34.3)--Year of diagnosis (median (interquartile range)1986 (1975--2004)2001 (1990--2009)--Birth year (median (interquartile range))1961 (1946--1977)1973 (1962--1986)--Age at first testosterone prescription (years, median (interquartile range))--30.4 (19.2--40.9)--Thrombosis and thrombotic deaths VTE (*n*)299-- Events per 10,000 person-years (95% CI)18.1 (12.6--26.1)14.3 (7.4--27.4)0.69 (0.32--1.52)0.57 (0.26--1.27)^b^ Age at first VTE (years, median (interquartile range))49.2 (38.6--62.1)52.7 (47.7--59.9)-- ATE (*n*)5021-- Events per 10,000 person-years (95% CI)31.4 (23.8--41.4)33.6 (21.9--51.6)1.42 (0.83--2.42)1.12 (0.66--1.92)^b^ Age at first ATE (years, median (interquartile range))64.2 (53.4--70.8)52.4 (47.7--61.0)-- Thrombotic deaths (*n*)253-- Events per 10,000 person-years (95% CI)15.4 (10.4--22.8)4.7 (1.5--14.5)0.58 (0.17--1.96)  VTE deaths (*n*)3\<31.13 (0.10--12.14)  ATE deaths (*n*)22\<30.47 (0.11--2.04)Medication Antidiabetics (*n*)110571.46 (1.03--2.08) Statins (*n*)1671031.52 (1.17--1.98) Platelet inhibitors (*n*)163611.58 (1.17--2.15) Antihypertensives (*n*)3221352.00 (1.61--2.49)[^3][^4]

In our age-adjusted model, testosterone treatment was associated with a non-significant reduction in VTE events among men with KS ([Fig. 3A](#fig3){ref-type="fig"} and [Table 2](#tbl2){ref-type="table"}). In a model further adjusting for the use of medications indicative of co-morbidity, the HR was further lowered, but still insignificantly. The median time from first testosterone prescription to first VTE event was 7.0 years (full range, 1.2--22.2 years). Among men with KS, laboratory results were available within ±90 days of the VTE event in 19 cases (50%) of which five where receiving testosterone treatment at the time of VTE. All presented with haematocrit and haemoglobin within normal range, and six of these men had available testosterone measurements with no one ever demonstrating concentrations above the normal range at any time during follow-up.Figure 3Thrombotic outcomes among testosterone-treated and -untreated Klinefelter syndrome (KS). Kaplan--Meier failure function for venous thromboembolism (A) and arterial thrombosis (B).

In the age-adjusted model, testosterone treatment was associated with a non-significant increase in ATE events among men with KS, but not after applying further adjustment for other prescription medications ([Fig. 3B](#fig3){ref-type="fig"} and [Table 2](#tbl2){ref-type="table"}). The median time from first testosterone prescription to first ATE event was 8.7 years (full range, 1.7--21.7 years). Among men with KS, laboratory results were available within ±90 days of the ATE event in 28 cases (39%) of which 14 were receiving testosterone treatment at the time of ATE. One patient suffering myocardial infarction and one patient suffering transient ischemic attack presented with haematocrit and haemoglobin above the normal range. Of the 28 cases with available laboratory data ±90 days of the ATE event, 12 had testosterone measurements available at any time before or after the event. One case on testosterone treatment presented with an elevated total testosterone measured 139 days before suffering a stroke event, but haematocrit measured on the day of the event was within the normal range.

Among men with KS, testosterone treatment was associated with lower mortality due to thrombosis, although the association was non-significant ([Table 2](#tbl2){ref-type="table"}).

Testosterone-treated men with KS had a higher incidence of first prescriptions of medications indicative of co-morbidities and associated with thrombosis treatment or prophylaxis ([Table 2](#tbl2){ref-type="table"}).

Among testosterone-treated men with KS, the risk of VTE or ATE was not different between routes of testosterone administration (*P* \> 0.4, Fisher's exact test).

Medications and co-morbidity associated with thrombosis risk
------------------------------------------------------------

The use of anticoagulation, platelet inhibitors, statins, and antihypertensives was increased among men with KS compared with the comparison cohort, indirectly identifying co-morbidities associated with an increased thrombosis risk ([Table 3](#tbl3){ref-type="table"}). In particular, a HR (95% CI) of 2.60 (2.20--3.09) was seen for antidiabetics comparing men with KS and the comparison cohort ([Table 3](#tbl3){ref-type="table"}). Diagnoses of hypertension, hypercholesterolemia, and in particular atrial arrhythmia, arteriosclerosis, angina pectoris and diabetes, were more common among men with KS compared with the comparison cohort ([Table 3](#tbl3){ref-type="table"}).Table 3Medication and co-morbidities associated with thrombosis risk.KSComparison cohortHR (95% CI): KS vs the comparison cohortMedication^a^ Anticoagulation (%)8.23.43.01 (2.40--3.76) Platelet inhibitors (%)19.313.81.55 (1.34--1.79) Statins (%)23.316.21.61 (1.41--1.84) Antihypertensives (%)39.528.61.63 (1.47--1.82) Antidiabetics (%)14.46.422.60 (2.20--3.09)Co-morbidity^b^ Atrial arrhythmia (%)8.24.02.38 (1.93--2.94) Hypertension (%)11.49.51.24 (1.04--1.48) Diabetes (%)11.94.92.76 (2.32--3.30) Hypercholesterolemia (%)6.34.01.72 (1.35--2.18) Angina pectoris (%)8.65.81.58 (1.29--1.94)  Unstable angina (%)1.81.01.85 (1.20--2.86) Arteriosclerosis1.120.118.87 (4.95--15.89)[^5][^6]

Among all with VTE, 23.7% of men with KS and 9.2% in the comparison cohort had pre-existing diabetes (*P* = 0.008, Fisher's exact test). No difference was seen between the groups for the incidence of hypertension, hypercholesterolemia, arteriosclerosis, angina pectoris or previous ATE as a predisposing VTE risk factor. A subsequent analysis comparing rates of VTE between KS and controls and including only those participants with diabetes yielded a HR (95% CI) of 4.17 (1.08--16.03).

Predisposing ATE risk factors were all more common among men with KS compared with the comparison cohort, including diabetes (33.8% vs 14.8%), hypertension (71.8% vs 51.3%), and previous VTE (7.0% vs 1.0%) (*P* ≤ 0.001 for all, Fisher's exact test). No difference was seen between the groups for the presence of hypercholesterolemia, arteriosclerosis or angina pectoris as a predisposing ATE risk factor. A subsequent analysis comparing rates of ATE between KS and controls and including only those participants with both diabetes and hypertension yielded a HR (95% CI) of 0.79 (0.45--1.40).

Effect of 47,XXY karyotype vs mosaicism
---------------------------------------

There was no difference in age at diagnosis or year of birth comparing 47,XXY and mosaic KS karyotypes (Supplementary Table 3). However, testosterone treatment was more frequent and initiated on average 13 years earlier in life in non-mosaic KS. Men with 47,XXY karyotype expressed an insignificantly lower rate of both VTE and ATE compared with mosaic karyotypes.

Discussion
==========

Here, we present nationwide data from a large KS cohort, for the first time including information about use of testosterone and other prescription medicine allowing unique insight in the clinical care of men with KS.

This research show that the risk of thrombosis and thrombotic death is clearly elevated in KS, and that men with KS present with a pro-thrombotic phenotype characterized by a higher incidence of pro-thrombotic co-morbidities like diabetes, hypertension and hypercholesterolaemia and more prescriptions for medications associated with thrombosis prophylaxis. Additionally, men with KS suffering from thrombosis were more likely than men in the comparison cohort to present with underlying pro-thrombotic conditions. Although we could not formally show a lower thrombotic risk among testosterone treated men with KS, several lines of evidence pointed in that direction, including lower incidence rates for VTE and thrombotic deaths compared with the untreated KS cohort. Further, we speculate that the increased number of co-morbidity diagnoses and redeemed prescriptions among treated vs untreated KS, do not reflect a true difference in disease incidences, but rather could be representative of a higher standard of care in treated KS and missed diagnoses in the untreated KS group.

The current study adds new information about the influence of long term hypogonadism and testosterone treatment on thrombosis risk applying KS as a well-defined clinical disease model in a population-based nationwide matched cohort study with a 22-year follow-up time integrating diagnoses, medication use and clinical biochemistry. Importantly, we do not find evidence for any detrimental effects of testosterone treatment on incidences of cardiovascular complications. This is consistent with the findings of a recent cohort study with a 4-year follow-up assessing thrombotic complications following testosterone treatment in female-to-male transgender persons ([@bib28]). In that study, adjusted rates of VTE or ATE were not different among 2118 testosterone-treated genetic females compared with reference men or women.

Men with KS on testosterone treatment presenting with thrombosis did not commonly present with erythrocytosis based on available biochemical evidence, and the duration from first testosterone prescription to any thrombotic events was more than 1.2 years. This indicates that testosterone treatment in KS was not associated with a 'starter-effect' influencing VTE risk. This is in contrast with the findings of a national British case-control study among an unselected group of men receiving testosterone treatment ([@bib5]), but further implies that testosterone treatment in KS is safe. A side effect to testosterone treatment mentioned as a safety warning by the FDA is VTE, but in the setting of KS and hypogonadism, it seems that any unwarranted effects of testosterone treatment on VTE risk is balanced out and even overpowered by beneficial effects of hormone supplementation. Testosterone treatment could act to alleviate VTE risk in Klinefelter syndrome by reversing the vicious cycle of hypogonadism-induced obesity and insulin insensitivity.

Death due to ATE was increased in the KS cohort compared with the comparison cohort, although the incidence of non-fatal ATE was not different. The latter is somewhat surprising considering the excess of cardiovascular risk factors among men with KS. Speculatively, an explanation could be that the genetic composition of KS with two X chromosomes, similar to what is seen in women in comparison to men ([@bib29]), could be affecting the clinical presentation of ATE in the patients, and that males with KS are actually protected from ATE, much as pre-menopausal women have a lower ATE risk than age-matched males ([@bib30]). Also, the increased rates of secondary prophylactic medications such as statins and platelet inhibitors in men with KS compared with the comparison cohort could affect ATE risk comparison between the groups, although adjusting for use of said medications did not alter the estimates significantly. The increased all-cause mortality following ATE among men with KS compared with the comparison cohort, could indicate that the increased co-morbidity load as evidenced in this cohort, added to the composite phenotype of KS with a poorer socioeconomic profile ([@bib31], [@bib32]), is affecting the capability for rehabilitation after ATE.

We present the first large-scale assessment of testosterone use among men with KS and rather discouragingly found that only about half of all men with KS were offered testosterone treatment. The untreated KS population consisted of two groups, a small group of younger individuals who at the end of the study period had not yet reached pubertal age, and a larger group of men with KS that were on average born 12 years before the testosterone-treated men with KS. We speculate that the finding is indicative of how the attitude towards KS has improved in the Danish health care system over time, with more patients in later years receiving appropriate care in specialized clinics, but also that the older KS population is not being offered optimal treatment. Knowing that hypergonadotropic hypogonadism is virtually omnipresent among KS, and although non-treatment could be by choice, we show that the majority of men with KS not being offered testosterone treatment indeed had laboratory findings suggestive of hypogonadism indicating a lapse in clinical care. There is a need to further explore the traits of those men with KS-treated vs the non-treated to elaborate on the reasons for non-treatment in an unexpectedly high proportion of the Danish KS population.

We found that the incidence of VTE was still increased among men with KS when restricting the analysis to only include participants with diabetes. This could indicate that genome wide modifications induced by the presence of a supernumerary X-chromosome ([@bib33], [@bib34]) could also be contributing directly to thrombosis risk in KS, affecting the external validity of our findings which might not apply to all groups of males with hypogonadism.

The strength of this national study is the use of KS diagnoses verified by karyotyping and applying a large age matched comparison cohort and having a long follow-up time. We utilized data from several high-quality registries ([@bib19], [@bib20], [@bib22]), applying a verified validation method for VTE events ([@bib24]). The study is limited by potential misclassification due to non-diagnosis of KS in the comparison cohort. However, this would attenuate the true association and cannot explain the excess of VTE events observed among men with known KS. Also, thrombotic events and deaths occurring prior to the beginning of the study period were not assessed, potentially introducing bias by positively selection of survivors. However, the mean age at entry into the study was just over 25 years minimizing the risk of having missed any events leading up to entry in the study. Differential outcome detection rates between KS and the comparison cohort could also be affecting our estimates. Men with KS could be more inclined to seek medical attention compared with men in the comparison cohort, increasing the likelihood of appointment of additional diagnoses. However, our data if anything point to a lapse of care in men with KS, with many males not receiving appropriate testosterone treatment, complicating conclusions on the risk of surveillance bias. Lastly, the comparison between men with KS and men in the background population is sensitive to the presence of unmeasured bias, as for instance weight or social status is not recorded in the applied registries. However, we know that living with KS has consequences traversing all aspects of life ([@bib1]), and any such differences between the cohorts could then be seen as an intrinsic part of the syndrome.

The data quality of the registries is generally high, but we cannot rule out that thrombotic events diagnosed within the primary care system might not have been recognized. Also the Danish National Prescription Registry only records redeemed prescriptions, and misclassification of the true intake of testosterone and other medications cannot be ruled out, as also illicit use of androgenic compounds cannot be assessed.

In some aspects our analyses might suffer from being insufficiently powered to draw firm conclusions, especially regarding the clinical consequences of testosterone treatment in men with KS. Our intention, however, was to present the best available data, and we do feel confident that the data at hand is strong enough to exclude a potentially overlooked critical impact of testosterone treatment in KS on thrombotic risk, reassuring us that this type of treatment appears safe.

In conclusion, men with KS expressed a more pro-thrombotic morbidity pattern and higher rates of VTE and death due to thrombosis. Testosterone treatment in KS was not associated with an increased risk of thrombosis. Only about half of the KS population was treated with testosterone, highlighting the need for a clinical guideline for treatment of men with KS and to stress the implementation of specialized clinics.
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[^1]: ^a^KS: 33 DVT, 6 pulmonary embolisms. Comparison cohort: 632 DVT, 323 pulmonary embolisms, 7 central vein thromboses, and 11 portal vein thromboses. ^b^Adjusted model applying use of antidiabetics, antihypertensives, statins, platelet inhibitors, and anticoagulation therapy as time-varying covariates. ^c^KS: 25 myocardial infarctions, 42 stroke, and 13 transient ischaemic attacks. Comparison cohort: 3266 myocardial infarctions, 3323 strokes, and 807 transient ischaemic attacks.

[^2]: CI, confidence interval; HR, hazard ratio; KS, Klinefelter syndrome.

[^3]: ^a^Testosterone treatment as a time-varying covariate with adjustment for birth year. ^b^Adjusted for birth year and use of antidiabetics, antihypertensives, statins, platelet inhibitors, and anticoagulation therapy as time-varying covariates.

[^4]: ATE, arterial thrombosis; CI: confidence interval; HR, hazard ratio; VTE, venous thromboembolism.

[^5]: ^a^Danish National Prescription Registry (1994--2016); ^b^Danish National Patient Registry (1977--2016).

[^6]: CI, confidence interval; HR, hazard ratio; KS, Klinefelter syndrome.
